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(54) Attenuating acoustic vibrations In a medium 

(57) Apparatus is provided for attenuating acoustic vibrations in a medium comprising a tunable acoustic resonator (3) with 
an open end (5) for: interfacing with the medium, at least one transducer (11) to provide a resonator signal indicative of a 
dynamic parameter of the medium within the resonator (3), and a resonator controller (8) operable in response to the 
resonator signal to tune the resonator (3) to a selected frequency of the acoustic vibrations. The dynamic parameter may 
be the motion of the medium at the fixed end, the pressure of the medium a! the fixed end, or the phase dSference between 
the pressure fluctuations at the fixed and open ends. The apparatus can be used with any acoustic resonators, eg. quarter- 
wave, Heimho!t2 or mechanical resonators. Applications include reduction of acoustic vibrations along an exhaust or inlet 
pipe of an internal combustion engine, or in a vehicle cabin. 
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At feast one drawing originally fifed was informal and the print reproduced here is taken from a later filed formal copy. 
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METHOD AND APPARATUS FOR ATTENUATING 
ACOUSTIC VIBRATIONS IN A MEDIUM 

f 

| 

This invention relates to a method and apparatus for 
attenuating acoustic vibrations in a medium , and more 
particularly to a method and apparatus to control a tunable 
acoustic resonator to effect such attenuation, 
j It is well known that an acoustic resonator can be 

used to attenuate acoustic vibration in a system (DE 
3729765) - However, the resonant frequency of the resonator 
and hence the frequency of the acoustic vibrations that are 
attenuated in a system is dependent on the dimensions and 
structure or type of resonator employed. In a simple case 
J where attenuation is required of acoustic vibrations at a 
fixed frequency , resonators of fixed structure are employed 
as disclosed in OE 37297 65- This arrangement is however 
limited in that if the frequency of the acoustic vibration 
to be attenuated changes, then the efficiency of the 
resonator as an attenuator decreases as the frequency moves 
away from the resonant frequency. 

A resonator is disclosed in EP 0039459 which 
j attempts to overcome this limitation in relation to the use 
of a resonator to attenuate the noise generated by a turbo 
machine. Two specific types of resonators are disclosed, 
one being a quarter wave resonator and the other being a 
Helmholtz resonator. The resonant frequency of the quarter 

i 

wave resonator is varied by varying the length of pipe, 
whilst the resonant frequency of the Eelmholtz resonator is 
varied by varying the volume of the resonant chamber. Thus 
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the resonant frequency is variable to enable attenuation of ; 
unwanted variable frequency acoustic vibrations created by | 
the turbo machine* This document does not however address 
the problem of how such resonators can be accurately 
controlled* 

The present invention provides apparatus for , 
attenuating acoustic vibrations in a medium, said apparatus ; 
comprising a tunable acoustic resonator with an open end 
for interfacing with said medium, at least one- transducer . 
to provide a resonator signal indicative of a dynamic f 
parameter of the medium within the resonator , and a | 
resonator controller operable in response to said resonator 1 
signal to tune said resonator to a selected frequency of I 
said acoustic vibrations. { 

The present invention also provides a method of J 
attenuating acoustic vibrations in a medium comprising the j 
steps of interfacing a tunable acoustic resonator with said j 
medium, measuring a dynamic parameter of the medium within) 
said resonator to give a resonator signal, and tuning saidj 
resonator to a selected frequency of said acoustic \ 
vibrations in response to said resonator signal. 

The present invention is applicable to any acoustic! 
resonators such as a quarter wave resonator, a Helmholtz 
resonator or a mechanical resonator. VThen a Helmholtz 
resonator or quarter wave resonator is used, the resonator 
signal can provide a measure of the dynamic pressure at aj 
point within the resonant chamber. When a mechanicalj 
resonator is used, the resonator signal can provide ai 
measure of the motion of the oscillating mass. if an air 
chamber is used as the spring for a mechanical resonator j 
then the resonator signal can provide a measure of the 
dynamic pressure within the chamber. 
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In one aspect of the present invention the resonator 
controller is operative to determine said selected 
frequency in response to a predetermined characteristic of 
said resonator signal and to tune said resonator so as to 
maximise the amplitude of said resonator signal at said 
selected frequency. 

Thus, the present invention can provide for the 
adaptive control of a resonator without the need for any 
external signal indicating the frequency of the acoustic 
vibrations to be attenuated. In this aspect conveniently 
an algorithm would be performed using digital processing 
apparatus which had stored the characteristics of the 
resonator and which could therefore calculate the frequency 
of the acoustic vibrations reaching the resonator and 
attenuate the frequency with the largest amplitude for 
example. The processing apparatus in this instance has 
knowledge of the dimensions of the resonator for example. 
This could be obtained from knowledge of the piston 
position for example in a Helmholtz or quarter wave 
resonator. The processor may alternatively be an analogue 
processor. 

In another aspect of the present invention a 
reference means provides a reference signal indicative of 
said selected frequency and the resonator controller is 
operative to tune said resonator so as to maximise the 
amplitude of said resonator signal at said selected 
frequency. An arrangement that can accomplish this 
comprises a filter means to band-pass filter the resonator 
signal at the reference signal frequency, wherein said 
resonator controller is operative to tune said resonator so 
as to maximise the amplitude of the band-pa:ss filtered 
resonator signal. 
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In a further aspect of the present invention the 
apparatus includes a second resonator signal and reference 
means providing a reference signal indicative of said 
selected frequency, wherein said resonator controller is 
operative to tune said resonator so as to maintain the 
phase difference between the first and second resonator 
signals at said selected frequency substantially at 90°. 
In such an arrangement the resonator controller preferably 
includes a band-pass filter for each of said first and 
second resonator signals, to band-pass filter each 
resonator signal at said reference signal frequency, a 
multiplier to receive the filtered resonator signals and 
output a combined signal and an integrator or low pass 
filter to receive the combined signal and output a 
resonator control signal • 

A transducer can be provided in the medium to j 
provide the second resonator signal indicative of the \ 
dynamic pressure within the medium* Thus in this aspect of; 
the invention two different resonator signals arej 
provided. The second transducer provides a measure of the 
force applied to the resonator whilst the first transducer 
provides a measure of the response by the resonator to that 
force. ■ 

The present invention is applicable for use in the 
reduction of transmission of acoustic vibrations along a; 
duct, and in particular to the reduction of acoustics 
vibrations along an exhaust or inlet pipe of an internal! 
combustion engine; although the present invention is by n# 
means limited as such and may be used to reduce unwanted 
acoustic vibrations in any system. 

Conveniently, when the present invention is applied 
to the reduction of acoustic vibrations transmitted along 
an exhaust pipe, the reference means may comprise either d 
peak detection filter to detect the frequency of the 
acoustic vibrations with the largest amplitude, or it can 
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provide a synchronising signal to the rotation rate of the 
engine. Alternately the resonator controller is operative 
to detect the frequency of the acoustic vibrations with the 
largest amplitude by utilising its knowledge of the 
characteristics of the. resonator* 

Examples of the present invention will now be 
described with reference to the drawings , in which: - 

Figure 1 diagrammatically illustrates the three 
types of resonators that may be employed in embodiments of 
the present invention; 

Figure 2 illustrates the use of a quarter wave 
resonator according to one embodiment of the present 
invention ; 

Figure 3 illustrates the use of a Helmholtz 
resonator according to a second embodiment of the present 
invention; 

Figure 4 illustrates the use of a mechanical 
resonator according to a third embodiment of the present 
invention; 

Figure 5 illustrates the use of a fluid filled 
Helmholtz resonator according to a fourth embodiment of the 
present invention; and 

Figure 6 illustrates the use of a mechanical 
resonator according to a fifth emodiment of the present 
invention. 

Figure 7 illstratues the use of a quarter wave 
resonator according to a further embodiment of the present 
invention. 

Referring now to the drawings, Figure 1 illustrates 
three types of resonators that can be employed in 
cancelling undesired acoustic vibration. The resonators 
are shown connected to a duct 2, although the present 
invention is not limited as such. 
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The resonator could be a Helmholtz resonator 1 where 
the air mass in the neck oscillates on the natural spring 
created by the air in the bulb* Damping is produced partly 
by flow effects in the neck, but mainly by sound radiation 
into the duct. 

For the Helmholtz resonator it can be shown that the 
resonant frequency u> can be given by 

v iv 

where S = neck area 

£ =s neck length 
V « bulb volume 
C = speed of sound 

Thus the resonant frequency of the resonator can be i 
adjusted by adjusting the neck length, neck area or bulb j 
volume . I 

Alternatively f the resonator could be a quarter wave j 
length resonator 3, which can be viewed as a special case 
of a Helmholtz resonator, where the neck and the bulb have 
the same diameter. Here the effective mass and stiffness; 
are both continuous. j 

For the quarter wave length resonator it can be I 
shown that the resonant frequency of & can be given by 

<* n = trC ( 2n*i) 
2L 

0, 1, 2, ........ 

length of side branch 

i 

speed of sound 

j 



i 

J 



where n — 
L = 
C = 



Thus the resonant frequency of the quarter wave 
length resonator can be adjusted by varying the length, of 
the side branch. This can be implemented for example by 
using a sliding piston. 

It should be noted that the quarter wave resonator 
also has the advantage that resonance not only occurs atthe 
fundamental frequency (n « 0) but also at higher harmonics 
(n - 1, 2, . ..)■• 

The resonator can also be a mechanical resonator 4 
with a piston of mass M on a spring in a side branch. 

For the mechanical resonator it can be shown that 
the resonance frequency of u can be given by 



where k = spring stiffness 
K — piston mass 

To adjust the resonant frequency of this type of 
resonator the most simple arrangement is to adjust the 
spring stiffness. This could be adjusted for example by 
having a variable rate spring or a compressed gas spring 
where the spring stiffness is proportional to the gas 
pressure . 

All three resonators described hereinabove have 
related behaviour at resonance which is typified by 

1) the oscillating displacement at the free end (duct 
end) being a maximum. 

2) the oscillating force or pressure at the fixed end 
(or bulb wall in the case of the Helmholtz resonator) being 
a maximum, and displacement being zero. 

3) the force or pressure fluctuations at the free end 
being 90° out of phase with those at the fixed end (bulb 
wall) . 
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Thus, in order to measure the resonant frequency of 
the resonator any one or more of these three parameters can 
be measured- In measuring any one or more of these 
parameters within the resonator, accurate control of the 
resonator can be implemented since the accurate resonant 
frequency of the resonator is known* The measurement of, j 
for instance, gas pressure within the resonator has the j 
advantage of automatically compensating for any temperature j 
variations that may occur between the medium in which the ! 
undesired acoustic vibrations are being transmitted and the J 
medium contained within the resonant cavity. 

Thus, control schemes that can be used to ensure | 
that resonance is obtained at the desired frequency can be j 
based on the three common behavioural characteristics of 
the resonator at resonance in that 

1) the piston or gas motion at the free end must be i 
maximised . 

2) the force or pressure at the fixed end (bulb wall) j 
must be maximised. 

3) the phase of the force or pressure fluctuations at* 
the fixed end of the resonator must lag those at the free] 
(duct) end by 90°. 

This is exactly true for lightly damped systems and! 
a good approximation for more heavily damped systems. 

The third control arrangement has the advantage that! 
by measuring the phase, one has direct knowledge of which! 
direction to make adjustments of the resonance frequency of 
the resonator, thus making adaption very fast and robust. 

In view of the feedback control arrangement wherein! 
measurements are made directly of the resonant frequency of 
the resonator, the control system is fully adaptive and can: 
respond to local changes in the environment (sound, speed, 1 
temperature, etc.). The required parameters of the 
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resonator can be measured using transducers and the output 
of these transducers can be filtered so as to be sensitive 
only to the frequency of interest, i.e. the undesired 
acoustic vibration frequency. This frequency is selected 
according to the desired function of the resonator. 

When any of the resonators hereinbefore described 
are attached to the vail of a duct, sound travelling along 
the duct will be reflected at the point of fixture. This 
is how they operate to minimise sound transmission. 

In each case the resonator can be used on the inlet 
or exhaust of an internal combustion engine to minimise 
transmitted sound especially at the resonant frequency or 
frequencies. Thus in one embodiment of the present 
invention the resonator can be automatically tuned by 
adjusting its effective mass or spring parameters. The 
frequency of interest can be selected in several ways. It 
can have a fixed relation to one harmonic of the engine and 
can be obtained from an engine tachometer signal for 
example. Alternatively, it can automatically be chosen to 
be the frequency at which attenuation would be the most 
effective at any given time. This could be achieved by 
identifying the loudest frequency component from for 
example a tailpipe or inlet microphone and the resonator 
could be adapted to that frequency. Alternatively, a 
resonator controller could have stored in a memory the 
characteristics of the resonator and could perform an 
algorithm to ascertain the frequency of the acoustic 
vibrations impinging on the open end of the resonator 
having the largest amplitude. The resonator could then be 
tuned to this frequency. 

The use of such resonators need not be confined to 
use in ducts. For instance the resonators may be used to 
control noise in a volume such as a vehicle cabin and to 
improve the efficiency of acoustic attenuation an array of 
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such resonators may be used. 

Specific embodiments incorporating one type of j 
resonator and control system will now be described with \ 
reference to Figures 2 and 7 of the drawings. 

Figure 2 illustrates a quarter wave resonator 3, ; 
attached to a duct 2 via an open end 5. The length of the [ 
side branch and hence the resonant: frequency of the i 
resonator is adjustable using a piston 6 attached to a i 
movable far end wall 7 of the resonator. The piston 6 is j 
driven by a motor 8 which is controlled by a control signal j 
transmitted on line 9. S 

Within the resonant cavity 10 of the quarter wave j 
resonator there is a transducer mounted on the movable far j 
end wall 7 . The transducer 11 provides; a measure of the j 
dynamic pressure of the gas at the far end wall of the i 
resonator. Signals from the transducer 11 are filtered by j 
a band-pass filter 12 , the centre frequency of which is j 
controlled by a signal on line 13 which in this example of t 
this invention is provided from a tachometer of an internal j 
combustion engine. Thus the band-pass filter filters the j 
dynamic pressure signals from, the transducer 11 to provide j 
a measure of the dynamic pressure at the selected f reqviency j 
of: the acoustic vibrations to be attenuated. The output j 
signal from the band-pass filter 12 is then input into a 1 
maximum signal detector 15 which detects any decrease in i 
the amplitude, of the signal at the required frequency w If J 
a decrease is detected then a signal is output via the j 
amplifier 16 on line 9 to the motor to move the piston 6 \ 
and the far end wall 7 to adjust the resonant frequency of j 
the resonator.. 

Figure 3 illustrates a second embodiment of the \ 
present invention in which a Helmhbltsz resonator 1 is j 
connected to a duct 2 via a nedk portion 20. The Helmholtz j 
resonator has a resonant chamber 21 the volume of which can 
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be varied by moving a far end wall 22 by the action of a 
piston 6 driven by a motor 8. In this example it is ailso 
possible to vary the neck length by moving a neck insert 25 
which is attached to the far end wall 22 and moves 
therewith in unison. The pressure of the gas within the 
resonant cavity 21 is measured by a transducer 26 whilst 
the pressure of the gas in the duct 2 is measured by 
transducer 27. The signals from these two transducers 26 
and 27 are individually filtered by band-pass filters 31 
and 32 the centre frequencies of which are controlled by a 
signal on line 28 . The signal on line 28 represents the 
selected frequency of the acoustic vibrations to be 
attenuated, and this signal is provided from filter 29 by 
peak selection filtering of a signal representing the 
acoustic vibrations at a position in the duct upstream of 
the resonator as measured by a transducer 30. Thus the 
selected frequency of the filtered acoustic vibrations that 
are to be attenuated is decided by selecting the acoustic 
vibrations in the duct, having the largest amplitude. 

The signals from the transducers 26 and . 27 after 
having been filtered by band-pass filters 31 and 32 are 
multiplied together by the multiplier 33. The multiplied 
signal from the multiplier 33 is then applied to an 
integrator 34 which supplies the resonator control signal 
on line 35 to the motor 34 to move the piston 23 and far 
end wall 22 in order to change the resonant cavity volume, 
and hence the resonant frequency of the resonator. 

In this example of the present invention the iijeck 
length as well as the volume of the Helmhbltz resonator is 
varied. This provides for extra sensitivity, although only 
one parameter need be varied. 

The two filtered pressure signals provided from 
transducers 26 and 27 after filtering in the band-pass 
filters 31 and 32, will generally have a phase difference 
of * between them. Thus the output of the multiplier 33 
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x(t) will be 

x(t) = k sin(w b t) sin(w d t+<>) 
X (t) = k/2 ; (Cos* - Cos(2w 0 t-n$> )) 

By choosing a time constant for the integrator 34 
which is long compared to 2n/u> , but short compared to 
the time over which u> is expected to vary, then the 
integrator output, I y(t) , will be approximately 

y(t) « k/2 ! Cos* (t) 

A low pasjs filter could alternatively be used 
instead of the integrator 34 to provide y (t) . 

Thus at resonance when 4> = 90°, the motor drive 



signal y(t) will I be zero. At a frequency below the j 
resonant frequency, $<90° so that Y(t)>0, thus j 
driving the motor! one way. At frequency above resonance, \ 
4»90 ° so y(t)<0, thus driving the motor the other 
way. In both cabes the polarity of the control signal \ 
provided on line 3|S can be easily set so that the system is ; 
convergent and stable. ; 

Referring now to Figure 4, this diagram .illustrates j 
the use of a mechanical resonator 4. attached to a duct 2. \ 
The mechanical resonator comprises a mass 40 suspended at ; 
the interface between the resonator 4 and the duct 2 by a i 
diaphragm 41. The diaphragm 41 forms an airtight seal I 
across the interface sealing gas in a cavity 42. The 
cavity 42 has a preset regulator valve 43 regulating gas : 
provided by a pump 44. The cavity 42: also has a motorised ; 
valve 45 to control the pressure there within. A r 
transducer in the form of a microphone 27 is provided ' 
within the duct adjacent the interface with the resonator ■ 
to provide a measure of the pressure in the, duct and hence 
the force applied ; to the resonator. In the cavity 42 there 
is a transducer 47 providing signals indicative of the 
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pressure within the cavity 42. The signals from the 
transducers 27 and 47 are band-pass filtered in filters 31 
and 32 with the centre frequency of the filters 31 and 32 
controlled by a signal on line 13. The signal on line 13 
provides a signal representative of the selected frequency 
of the acoustic vibrations to be attenuated. In this 
example of the present invention such a signal is provided 
from the tachometer 14 of an internal combustion engine. 

The filtered signals from the transducers 27 and 47 
are then multiplied in the multiplier 33 and the combined 
signal integrated in integrator 34 to provide the resonator 
control signal on line 34 which is amplified in amplifier 
16 to provide the control signal which controls the 
motorised valve 45 in order to control the pressure of the 
gas within the cavity 42. 

In operation the pump 44 provides a constant head of 
pressure which can be controlled by the preset regulator 
valve 43, arid the pressure in the resonator cavity 42 is 
varied by opening or closing the motorised valve 45. 

The gas in the cavity 42 acts as a spring the spring 
stiffness of which is given by 

Ki = A 2 rp 
V 

where 7 = ratio of specific heats 
A = area 

p = pressure of gas 
V = volume of cavity 

The resonant frequency o of such a resonator can 
be given by 

"o = _1 j Kef f 
2?r V M 

j 
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where K ef f « K x +■ K 2 
and K 2 = diaphragm stiffness 
M = diaphragm mass 

Referring now to Figure 5, this diagram illustrates 
a Helmholtz resonator 1 connected to a duct 2 via a neck 
20. In this arrangement the volume of~ the cavity 21 within 
the resonator is varied by partially filling it with an 
incompressible fluid 60. The control arrangement 
illustrated in this diagram is the same as that illustrated 
in Figure 2 for the quarter wave resonator and like 
reference numerals denote like components* The resonator 
control signal produced by the controller controls a 
positive displacement pump 61 which pumps fluid either from 
or to the reservoir 62. 

Referring now to Figure 6, this diagram illustrates 
use of the same control system as described in Figures 2 
and 5 to control a mechanical resonator 4. In this diagram 
like reference numerals denote like components . The mass 
40 is provided with an accelerometer 46 which measures the 
motion of the mass 40, The signal provided from the 
accelerometer is: equivalent to that provided by the 
transducer 47 in Figure 4. The signal from this is then 
utilised by the control system as described in relation to 
Figures 2 and 5 to control the motorised valve 45 as 
described with respect to Figure 4. 

Referring now to Figure 7, this diagram illustrates 
the use of a quarter wave resonator as described in 
relation *to Figure 2. However, in this embodiment, the 
resonator controller is different and comprises a digital 
processing apparatus 70 which has stored characteristics of 
the resonator to enable it to deconvolve the effects of the 
resonator on the acoustic vibrations impinging on the open 
end 5 of the resonator and hence determine the frequency 
component of the acoustic noise with the largest 
amplitude. A control signal is then output on line 9 to 
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the motor 8 to tune the resonator to the frequency at which 
the largest amplitude has been detected. In this system 
the characteristics of the resonator need be input to the; 
processor only once and the system needs no reference 
signals. This system could be used where only small 
changes in the fluid properties (temperature etc.) are 
expected. 

A method according to one embodiment of the present 
invention of controlling a resonator will now be described 
with reference to Figures 2, 5 and 6. 

A signal indicative of the vibrations in the 
resonator 1/ 3 or 4, is band-pass filtered with the centre 
frequency of the band-pass filter 12 being set at the 
selected frequency of the acoustic vibrations to be 
I attenuated. The amplitude of this filtered signal is then 
detected by a maximum signal detector 15 and a resonator 
control signal output to maximise the amplitude of the 
measured signal at the selected frequency of the acoustic 
vibrations to be attenuated. The signal can either be a 
measure of the motion of the mass 40 in a mechanical 
resonator 4 or it can be a measure of the pressure at a 
point within the resonant cavity 10 or 21 of either a 
quarter wave or Helmholtz resonator. 

A method of controlling a resonator to attenuate 
undesired acoustic vibrations according to a second 
embodiment of the present invention will now be described 
with reference to Figures 3 and 4. 

The signals from the first transducers 26 and 47 and 
from the second transducer 47 are band-pass filtered at the 
selected frequency of the acoustic vibration to be 
attenuated. The filtered signals are then multiplied and 
integrated or filtered to provide a resonator control 
signal on line 35. The resonator control signal will be 
output whenever the phase difference between the signals 
from the two transducers 26 and 27 or from the transducers 
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47 and 27 strays from a value of approximately 90 . It 
is a condition of resonance that to a good approximation 
the phase difference between these two signals should be 
90° and therefore any deviation from this phase 
difference indicates a drift from resonance. This 
technique has the advantage that the resonator control 
signal output from the integrator 34 gives an indication of 
the direction in which to adjust the resonant frequency. 

When a resonator and control system as hereinbefore 
described is used to cancel undesired acoustic noise in a 
duct, it may be the case that significant force is 
transmitted to the resonator housing by the action of the 
resonator. To minimise vibration generated in this way a 
symmetric arrangement of resonators, or a resonator of 
intrinsic axial symmetry can be used. 

The control systems illustrated in Figures 2 to 6 
may be implemented either digitally or in an analogue 
manner* 

The present invention can thus provide a compact 
unit comprising a resonator and a control system, for use in 
the attenuation of undesired acoustic vibrations in a 
system such as a duct. 
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1. Apparatus for attenuating acoustic vibrations in a 
medium, said apparatus comprising a tunable acoustic 
resonator with an open end for interfacing with said 
medium, at least one transducer to provide a resonator 
signal indicative of a dynamic parameter of the medium 
within the resonator, and a resonator controller operable 
in response to said resonator signal to tune said resonator 
to a selected frequency of said acoustic vibrations . 

2. Apparatus as claimed in Claim 1, wherein said 
= resonator controller is operative to determine said 

selected frequency in response to a predetermined 
characteristic of said resonator signal and to tune said 
resonator so as to maximise the amplitude of said resonator 
; signal at said selected frequency. 

3. Apparatus as claimed in Claim i including reference 
means providing a reference signal indicative of said 
selected frequency, wherein said resonator controller is 
operative to tune said resonator so as to maximise the 
amplitude of said resonator signal at said selected 
frequency . 

4. Apparatus as claimed in Claim 3, wherein said 
resonator controller includes filter means for band-pass 
filtering said resonator signal at said reference signal 
frequency, said resonator controller being operative to 
tune said resonator so as to maximise the amplitude of the 

j band-pass filtered resonator signal. 
I 

! 
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5. Apparatus as claimed in Claim 1 including a second 
transducer to prpvide a second resonator signal and 
reference means providing a reference signal indicative of 
said selected frequency, wherein said resonator controller 
is operative to tune said resonator so as to maintain the 
phase difference between the first and second resonator 
signals at said selected frequency substantially at 90° • 

6. Apparatus as claimed in Claim 5, wherein said 
resonator controller includes a band-pass filter for each 
of said first and second resonator signals, to band-pass 
filter each resonator signal at said reference signal 
frequency, a multiplier to receive the filtered resonator 
signals: and output a combined signal and an integrator or 
low pass filter to receive the combined signal and output a 
resonator control signal. 

7. Apparatus as claimed in Claim 1, wherein said 
resonator has a resonant chamber and a first transducer 
mounted therein to provide a first signal which is a 
measure of the dynamic pressure at a point within said 
resonant chamber, remote from said open end of said 
resonator. 

8 . Apparatus as claimed in any preceding claim, wherein 
said resonator is a Helmholtz resonator. 

9. Apparatus as claimed in Claim 7, wherein said 
resonator is a quarter wave resonator and said first 
transducer is mounted at a far end wall of said resonant 
chamber. 
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10. Apparatus as claimed in Claim & or. Claim 9, wherein 
said resonator controller comprises means to move a far end 
wall of said resonant chamber. 

11. Apparatus as claimed in any of Claims 1 to 7, 
wherein said resonator is a mechanical resonator with a 
sprung mass, said mass having a motion transducer attached 
thereto to providie the first resonator signa;! which is a 
measure of the motion of said mass. 

12. Apparatus as claimed in Claim 11 , wherein said 
motion transducer is an accelerometer to provide a measure 
of the acceleration of said mass. 

13. Apparatus as claimed in Claim 11 or Claim 12, 
wherein said mass is suspended by a diaphragm adjacent said 
open, end of said resonator and the spring effect is 
provided by a gas contained in a chamber by said diaphragm. 

14. Apparatus as claimed in Claim 13, wherein the 
pressure of the gas within the cavity is controlled by said 
resonator controller. 

15. Apparatus as claimed in any of Claims 5 to 14 
including a second transducer mounted in said medium to 
provide said second resonator signal indicative of the 
dynamic pressure within said medium. 

16. Apparatus as claimed in any preceding claim adapted 
to reduce the transmission of undesired acoustic vibration 
along a duct. 



17. Apparatus as claimed in any preceding claim adapted 
to reduce the transmission of acoustic vibration along an 
exhaust pipe from an. internal combustion engine. 
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18. Apparatus as claimed in any of Claims 3 to 17, 
wherein said reference means comprises a peak detection 
filter to detect the frequency of the acoustic vibrations 
with the largest amplitude and output said reference signal 
at said frequency * 

19. Apparatus as claimed in Claim 17, wherein said 
reference means is operative to synchronise said reference 
signal to the rotation rate of said engine. 

20. A method of attenuating acoustic vibrations in a 
medium comprising the steps of interfacing a tunable 
acoustic resonator with said medium, measuring a dynamic 
parameter of the medium within said resonator to give a 
resonator signal, and tuning said resonator to a selected 
frequency of said acoustic vibrations in response to said 
resonator signal. 

21. A method as claimed in Claim 20 including the steps 
of determining said selected frequency in response to a 
predetermined characteristic of said resonator signal and 
tuning said resonator so as to maximise the amplitude of 
said resonator signal at said selected frequency. 

22. A method as claimed in Claim 20 including the steps 
of measuring said selected frequency to provide a reference 
signal, and tuning said resonator so as to maximise the 
amplitude of said resonator signal at said selected 
frequency. 
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23 ♦ A method as claimed in Claim 22 including the steps 
of band-pass filtering said resonator signal at said 
reference, signal frequency and tuning said resonator so as 
to maximise the amplitude of the band-pass filtered 
resonator signal. 

24. A method as claimed in Claim 20 including the steps 
for measuring said selected frequency to provide a 
reference signal/ providing a second resonator signal, and 
tuning said resonator so as to maintain the phase 
difference between the first and second resonator signals 
at said selected frequency substantially at 90°. 

25. A method as claimed in Claim 24 including the step 
of band-pass filtering each of said first and second 
resonator signals at said reference signal frequency, 
multiplying the filtered resonator signals and integrating 
the multiplied signals to provide a resonator control 
signal. 



26. A method as claimed in any of Claims 20 to 25, 
including the step of measuring the dynamic pressure at a 
point in a chamber of said resonator , remote from the 
interface of said resonator with said medium, to provide 
the first resonator signal. 

27. A method as claimed in Claim 26, wherein said step 
of tuning said resonator includes the step of moving a far 
end wall of said chamber. 

28. A method as claimed in any of Claims 20 to 26, 
wherein said resonator is a mechanical resonator with a 
sprung mass, said method including the step of measuring 
the motion of said mass to provide, the first resonator 
signal. 
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29- A method as claimed in Claim 28, wherein the motion 
of said mass is measured using an accelerometer. 

30. A method as claimed in Claim 28 or Claim 29 , wherein 
said mass is suspended by a diaphragm and is adjacent said 
interface , and said spring effect is provided by a chamber 
containing gas f said method including the steps of tuning 
said resonator by controlling; the pressure of said gas in 
said chamber. 

31. A method as claimed in any of Claims 24 to 30 
including the step of measuring the dynamic pressure within 
said medium to provide said second resonator. 

32. Apparatus as hereinbefore described with reference 
to the drawings. 

33. A method as hereinbefore described with reference to 
the drawings. 
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